We report large magnetoresistance (MR) at low temperatures in single-crystalline nonmagnetic compounds TaAs 2 and NbAs 2 . Both compounds exhibit parabolic-field-dependent MR larger than 5 × 10 3 in a magnetic field of 9 Tesla at 2 K. The MR starts to deviate from parabolic dependence above 10 T and intends to be saturated in 45 T for TaAs 2 at 4.2 K. The Hall resistance measurements and band structural calculations reveal their compensated semimetal characteristics. The large MR at low temperatures is ascribed to a resonance effect of the balanced electrons and holes with large mobilities. We also discuss the relation of the MR and samples' quality for TaAs 2 and other semimetals. We found that the magnitudes of MR are strongly dependent on the samples' quality for different compounds.
I. INTRODUCTION
crystallizing in different structures will help to understand this complexity. Unfortunately very limited semimetal compounds were reported to enact the forms of high-quality single crystals.
TaAs 2 and NbAs 2 belong to a group of transition metal dipnictides MPn 2 (M = V, Nb, Ta, Cr, Mo and W, Pn = P, As and Sb) which crystallize in an OsGe 2 -type structure 25, 26 .
This structure has one crystallographic M site and two Pn sites in one unit cell (Fig. 1 a) .
Two Pn sites are quite distinct in their coordinations: one site is isolated from each other while the other site forms separated Pn-Pn dimers. The As-As bond lengths of the dimers in TaAs 2 and NbAs 2 are 2.42Å and 2.44Å respectively 26,27 , which are very close to the covalent radii 2.43Å of the As-As dimer in tetramethyldiarsane 28 . Each tantalum and niobium atom is surrounded by six As atoms forming a trigonal prism with two additional
As atoms outside the rectangular faces. The prisms are stacked along the crystallographic b direction through their trigonal faces to form the structure. A naive expectation for the electronic states of NbAs 2 and TaAs 2 is based on the simple Zintl concept 29, 30 : a balanced state for valence electrons of (Nb/Ta) 5+ 2 (As-As) 4− As 6− 2 indicates an insulating state with a gap between the band constructed by the bonding orbitals and antibonding orbitals of the As-As dimers. However previous band-structure calculations 30 (Fig. 1 c) . Laue XRD measurements ( Fig. 1 d) on the single crystals were collected in a Photonic Science PSL-Laue Back-scattering System. The pattern shows that the long direction of the crystals is the b direction while the largest flat plane in blade-like crystals is perpendicular to the (001) direction (Fig. 1 d) 
). All the physical property characterizations were performed in a Quantum Design Physical Property measurement system (PPMS-9) over the temperature range from 1.9 K to 300 K and in the magnetic fields up to 9 T.
Band structure calculations were performed by using the WIEN2K package 
III. RESULTS
Before starting to describe the transport properties for TaAs 2 and NbAs 2 , we present a misleading measurement result due to an improper experimental setup. Hall signal and resistance at the same time. As shown in Fig. 2 a, a very large negative "longitudinal MR" occurs in the measurements for this setup. However when the contacts fully crossed the wideness in the second setup, the MR becomes a regular, small, positive profile ( Fig. 2 b) . We believe that the negative "longitudinal MR" is due to a magnetic-field-induced current jetting effect which is commonly observed in high mobility samples 16, 36, 37 .
The current jetting effect must be seriously considered for measuring the longitudinal MR, especially for exploring the chiral anomaly in recently discovered Weyl semimetals 58 .
Figure 3 a shows a metallic profile for the temperature dependent resistivity of several representative samples for TaAs 2 and NbAs 2 in zero magnetic field. With a similar profile of linear-temperature-dependent resistivity above 100 K, the samples T3, T4, N5 and N9 which were grown by using TaBr 5 or NbI 5 as transfer agents have much smaller residue resistivity at 2 K than those of the samples T1 and N2 which were grown by using I 2 as agent. Below 50 K, the samples with large RRR exhibit the R-T profiles with the relation of R(T ) = R 0 + aT n for both compounds. As shown in Fig. 3 b, n equals 3.038(4) for N9, while it varies from 2.7 to 2.9 for the other four samples. This power law dependence is distinct from a quadratic temperature dependent behavior for Fermi liquid. A T 3 dependent resistance is observed in transition metal elements as well, which is ascribed as a scattering effect of the conduction electrons into vacant states of d-band 38 .
When a magnetic field is applied to the samples T4 and N5 with large RRR, their resistivity at low temperatures significantly increases while the increase at high temperatures is very limited (Fig. 3 c and China. Figure 5 shows the preliminary results for both compounds. The MR deviates from the quadratic field-dependent power law above 15 T. The MR for TaAs 2 shows strong, complicated SdH oscillations above 30 T and intends to be saturated at 45 T. Detail analysis on the SdH oscillations in high magnetic field will be presented in the future. Figure 6 shows the MR when the magnetic field is tilted in different directions while the current is always along b direction. In order to minimize the current jetting effect, the sample T17 was prepared to be long, thin bars with four contacts fully crossed their wideness in this measurement. When the field direction is tilted from that parallel to the (001) direction to b direction, the MR drops rapidly (Fig. 6 a) . Hall measurements provide informations about the carriers for TaAs 2 and NbAs 2 . Figure   7 a and b show that the Hall Resistivity (ρ yx ) is negative and linear dependent to the magnetic field when T ≥ 125 K and 200 K for T4 and N5, respectively. At low temperatures, ρ yx apparently deviates from the linear-field dependence, which indicates two types of carriers.
We fitted the Hall conductivity (σ xy ) by a two-carrier model derived from the two-band theory 41 ,
where
, n e (n h ) and µ e (µ h ) denote the carrier concentrations and mobilities for electrons (holes), respectively. The fitting results show close n and p at low temperatures ( Fig. 7 c and The SdH oscillations in the field-dependent resistivity for TaAs 2 and NbAs 2 were extracted via subtracting the non-oscillation background at low temperatures (Fig. 8) . The
SdH oscillations with respect to 1/H form complicated patterns which obviously come from multiple frequencies. Fast Fourier Transform (FFT) analysis reveals that the samples T4
and N5 have a main frequency about α = 50 T and ε = 120 T, respectively, while double and quadruple harmonic frequencies of the main were observed as well. The existence of multiharmonic frequencies indicate a long transport lifetime for both compounds in accordance with their high mobilities. In order to obtain the cyclotron mass for the main frequencies α and ε, we fitted ∆ρ xx /ρ xx maximum amplitude at µ 0 H = 8.08 T and 8.52 T vs. temperature for T4 and N5, respectively ( Fig. 8 b and d) . Using the fitting formula
where k B is Boltzmann constant, cyclotron frequency ω c = eB/m cyc , and m cyc is cyclotron mass, we got m cyc equals to 0.25 m e and 0.37 m e for T4 and N5, respectively. Further experiments acompanied by acute band structure calculations are needed to address the pockets related to these SdH oscillations.
IV. DISCUSSION
The calculated band structures for TaAs at Fermi level is very close to the minimum in the spectrum (Fig. 9 c) . The results for TaAs 2 and NbAs 2 are similar as that in ref. We next discuss the sample and temperature dependence for the large MR for TaAs 2 . Table I shows that the values of RRR and MR are strongly dependent on the transfer agents using in the growth. Althouth the MR changes four orders of magnitude for different samples, it follows the same power law of MR = bH n , where n = 1.7 ± 0.1 for all the smaples (Fig. 10) . On the other hand, the coefficient b seems to follow a power law In order to better understand the electron scattering in diffent samples, the MR at 2 K for different samples is plotted in a modified Kohler plot (Fig. 10 c) . Considering the large uncertainty of the dimensions for the samples, we chose (µ 0 RRR) 1.7 instead of (µ 0 /ρ 0 )
in the plot. We notice that the curves for the samples with relatively small MR (< 100)
cluster together, while the curves for the three samples of T2, T3 and T4 with large MR (> 1000) clearly deviate from the cluster. A plausible explanation is that the impurity induced electron scattering dominates the transport behaviors in a magnetic field for those samples with small RRR. For high-quality samples such as T2, T3 and T4, the scattering process is strongly dependent on the samples but the orgin is not clear at this point. A modified Kohler plot for the MR versus (µ 0 /ρ 0 ) 1.7 for the sample T4 at different temperatures is shown in Fig. 10 d. The curves do not fall into a same region at any temperatures. Since µ e and µ n change three orders of magnitude at high and low temperatures, the scattering processes in a magnetic field is plausible to be different at different temperatures.
We list the parameters for the compensated semimetals with large, parobolic-fielddependent MR in Table II . All the semimetals with large MR have their main-carrier mobilities much larger than 1m 2 V −1 s −1 . It seems that the MR for all the semimetals is possitively correlated with the RRR and mobilities, despite the large difference of the band structures and carrier densities.
By any chance, we measured the MR for a piece of cadmium at 2 K in a magnetic field of 9 T. This sample was cut and polished from a polycrystalline shot with 99.9997% purity from Alfa Aeser (see the inset in Fig. 11 ). Figure 11 shows that the R(T) curve in 9 T for polycrystalline cadmium also manifest the "transition" from a metallic profile at high temperatures to a semiconducting profile at low temperatures. Due to a large current heating effect, the measurement for the resistance below 5 K at zero magnetic field was failed. The MR is at least 1.2 × 10 4 in 9 T at 2 K, while it drops to less than 10 above 20 K. The large MR for cadmium and zinc has been reported in Ref. 44 , but we have a polycrystalline sample in this measurement. Our measurement indicates that the large parabolic MR might be commonly observed for the compensated semimetals with large RRR, and the resonance effect is a classical, two-band effect regardless the band structure in detail.
Finally we discuss the saturation of the MR for the compensated semimetals. The parabolic MR for WTe 2 does not show any sign of saturation in a magnetic field up to 60 T, which is believed to be due to a prefect balance of the electron and hole pockets 1,2 .
As far as we know, the saturations of the transversal MR for semimetals have been observed for bismuth 45 and graphite 46 which have small quantum limit less than 10 T. On the other hand, the MR for our TaAs 2 intends to be saturated in 45 T while its main frequency of SdH oscillations is 50 T. The derivation from a perfect n − p balance is a plausible explanation for the saturation of the parabolic MR, but we notice that the saturation fields are close to the quantum limits for three semimetals. The measurements for other semimetals in an intense magnetic field will help to understand this feature.
V. CONCLUSION
To conclude, we grew large single crystals of NbAs 2 and TaAs 2 via a chemical vapor transport (CVT) process. These two compounds are compensated semimetals with large, parabolic-field-dependent MR at low temperatures. We believe that most of the large, parabolic MR for the compensated semimetals can be explained as a result of electron-hole balance.
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